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The title compound, [Co(C 6 H 6 N 4 )3]HP04, was synthesized 
under hydrothermal conditions. In the cation, the Co 11 atom is 
octahedrally coordinated by six N atoms from three 2,2'-bi- 
l//-imidazole ligands [Co— N bond lengths are in the range 
2.084 (5)-2.133 (6) A]. Intermolecular N-H ■ O hydrogen 
bonds form an extensive hydrogen-bonding network, which 
links cations and anions into a three-dimensional crystal 
structure. 



Related literature 

For related compounds, see Pan et al. (2005, 2008, 2Q\Qa,b, 
2011); Rothammel et al. (1998); Stalder & Wilkinson (1997); 
Tong & Pan (2011); Wang et al. (2003a,fo). 
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Experimental 

Crystal data 

[Co(C6H 5 N 4 ) 3 ]HP04 
M, = 557.35 
Monoclinic, Cc 
a = 12.700 (3) A 
b = 21.447 (4) A 
c = 9.1140 (18) A 
P = 95.84 (3)° 



V = 2469.6 (8) A 3 
Z = 4 

Mo Ka radiation 
fi = 0.81 mrrT 1 
T = 293 K 

0.20 x 0.17 x 0.15 mm 



Data collection 

Rigaku R-AXIS RAPID-S 

diffractometer 
Absorption correction: multi-scan 

(CrystalClear; Rigaku/MSC, 

2002) 

= 0.850, T m = 0.886 

Refinement 

R[F 2 > 2a(F 2 )} = 0.077 

wR(F 2 ) = 0.152 

5 = 1.06 

5593 reflections 

325 parameters 

2 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



12597 measured reflections 
5593 independent reflections 
3373 reflections with I > 2cr(/) 
R<„, = 0.098 



H-atom parameters constrained 
A/w = 0.40 e A~ 3 



-0.32 e A" 



Absolute structure: Flack (1983), 

2755 Friedel pairs 
Flack parameter: —0.02 (2) 
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N2-H2-04 


0.86 


1.82 


2.678 (7) 


172.1 


N4-H4- ■ 02 


0.86 


1.87 


2.717 (7) 


168.3 


N6-H6A- ■ 03' 


0.86 


1.96 


2.725 (8) 


148.3 


N8-H8- ■ -03* 


0.86 


1.89 


2.669 (8) 


149.3 


N10-H10- ■ 02" 


0.86 


2.23 


2.887 (7) 


133.7 


N10-H10- ■ 04'" 


0.86 


2.39 


3.034 (9) 


132.5 


N12-H12/1- ■ 04 ui 


0.86 


1.93 


2.685 (8) 


146.0 



Symmetry codes: (i) x 4- 1, y, z\ (ii) x + \, y — \, z\ (iii) x -f-|, — y +|, z — |. 

Data collection: RAPID-AUTO (Rigaku, 1998); cell refinement: 
RAPID-AUTO; data reduction: CrystalStructure (Rigaku/MSC, 
2002); program(s) used to solve structure: SHELXS97 (Sheldrick, 
2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 
2008); molecular graphics: SHELXTL (Sheldrick, 2008); software 
used to prepare material for publication: SHELXTL. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: AA2021). 
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TrisCl^'-bi-l/Z-imidazole-A^A^^V 3 )cobalt(II) hydrogen phosphate 
Z. Liang, F. Wang, Q. Wu, X. Zhi and Q. Pan 

Comment 

Recently, more attention has been paid to chiral metal complexes, which could be employed as an interesting template for 
the synthesis of novel materials, because they are versatile and can be made with a wide of shapes, charges and particularly 
chirality. Up to now, series of open-frameworks, such as metal phosphates (for example: Stalder & Wilkinson (1997); 

Wang et al. (2003a,ft)) and germanates (for example: Pan et al. (2005, 2008)), have been synthesized with [M(dien)2\ n+ 

or [M(e«)3] n+ (M= Co, Ni; n = 2, 3; dien = diethylenediamine, en = ethylenediamine) cations. Recently the chiral metal 
complexes have been introduced into coordination polymers, see Parietal (2010a, 2010ft, 2011), Tong et al. (2011). In this 
paper, we present an other metal complex [Co(ft//m)3]HP04 (biim is 2,2'-biimidazole). 

2+ 2 

As shown in Fig. 1 , the crystal structure of title compound consists of a discrete [Co(biim)3\ cations and HPO4 " anions. 

7+ TT 

In [Co(oz7w)3] , the Co center is six coorinated and linked by six N atoms from three different biim ligands, resulting 

in a slightly distorted octahedral geometry. The Co 11 — N bond distances are in the range of 2.084 (5)— 2.133 (6) A. The P 
atom displays a slightly distorted tetrahedal geometry and is bonded to three O atoms and one OH group with the P — O 
distances of 1.484 (6)— 1.564 (5) A. N — H - 0 hydrogen bonds connect cations and anions into a three-dimensional network 
(see Table 1). 

Experimental 

In a typical synthesis, a mixture of Co(OAc)2.2H 2 0 (0.25 g), biimidazole (0.067 g), H3PO4 (0.12 ml) and H 2 0 (10 ml) were 
added to a 25 ml Teflon-lined reactor and kept under autogenous pressure at 120 °C for 3 days. 

Refinement 

All H atoms were positioned geometrically (C — H = 0.93 A, N — H = 0.86 A and O — H = 0.82 A) and allowed to ride on 
their parent atoms,with £/j S0 (H) = 1.2f/ e q(parent atom). 



Figures 




Fig. 1. A view of the structure of complex. Ellipsoids are drawn at the 30% probability level. 
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Tris(2,2'-bi-1H-imidazole-K 2 iV 3 ,iV 3 ')cobalt(ll) hydrogen phosphate 



Crystal data 

[Co(C 6 H 6 N 4 ) 3 ]HP0 4 
M r = 557.35 
Monoclinic, Cc 
Hall symbol: C -2yc 
a = 12.700 (3) A 
6 = 21.447 (4) A 
c= 9.1140 (18) A 
(3 = 95.84 (3)° 

V= 2469.6 (8) A 3 
Z=4 



F(000)= 1140 

D x = 1.499 MgnT 3 

Mo i&x radiation, X = 0.71073 A 

Cell parameters from 12761 reflections 

9 = 3.1-27.5° 

H = 0.81 mm -1 

7=293 K 

Block, blue 

0.2 x 0.17 x 0.15 mm 



Data collection 



Rigaku R-AXIS RAPID-S 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

co scans 

Absorption correction: multi-scan 
(CrystalClear; Rigaku/MSC, 2002) 
r min = 0.850, r max = 0.886 
12597 measured reflections 



5593 independent reflections 

3373 reflections with 7 > 20(7) 
Rim = 0.098 

^max — 27.5 , 6 m in — 3.1 

ft = -16-»16 

k = -27^27 
/ = 11 >1 1 



Refinement 
Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.077 

wR(F 2 ) = 0.152 

S= 1.06 
5593 reflections 
325 parameters 
2 restraints 

Primary atom site location: structure-invariant direct 
methods 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (F D 2 ) + (0.0453P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.042 

Apmax = 0.40 e A~ 3 
Ap m i„ = -0.32 e A~ 3 

Absolute structure: Flack (1983), 2755 Friedel pairs 
Flack parameter: -0.02 (2) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
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between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 

2 2 2 

al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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A A^i (s\ 
0.033 p ) 


a aa~7 (A\ 
—0.00 / (4) 


A AAA (A\ 

o.ooy (4 ) 


A AA"7 (A \ 

—0.00 / (4) 


nil 

C13 


0.080 (6) 


a aco /c\ 

0.058 (5) 


A ni A tti\ 

0.074 (6) 


A AA/C ( A\ 

0.006 (4) 


0.023 (5) 


A A A A i A\ 

0.004 (4) 


C14 


0.090 (7) 


0.042 (5) 


0.107 (8) 


0.007 (4) 


0.029 (6) 


0.005 (5) 


C15 


0.046 (4) 


0.035 (4) 


0.094 (6) 


-0.003 (3) 


0.027 (4) 


-0.002 (4) 


C16 


0.041 (4) 


0.035 (4) 


0.111 (7) 


-0.005 (3) 


0.031 (5) 


-0.009 (5) 


C17 


0.081 (7) 


0.064 (6) 


0.134(9) 


-0.013 (5) 


-0.007 (6) 


-0.029 (6) 


C18 


0.059 (6) 


0.079 (7) 


0.116(8) 


-0.001 (5) 


-0.006 (6) 


0.003 (6) 



Geometric parameters (A, °) 



Col— Nl 


2.084 (5) 


N9 — CI 5 


1.332 (9) 


Col— N7 


2.110 (5) 


N9 — C13 


1.364 (10) 


Col— Nil 


2.115 (7) 


NIC- — C15 


1.346 (9) 


Col— N9 


2.120 (6) 


N10 — C14 


1.379 (11) 


Col — N3 


2.127 (6) 


N10 — H10 


0.8600 


Col— N5 


2.133 (6) 


Nil — C16 


1 344 (9) 


PI — 03 


1.485 (6) 


Nil — C18 


1.412 (11) 


PI — 04 


1.500 (4) 


N12 — C16 


1.348 (10) 


PI — 02 


I.544 (4) 


N12 — C17 


1.384 (11) 


PI — Ol 


1.563 (5) 


N12 — H12A 


0.8600 


Ol — HI 


0.8200 


CI — C2 


1.325 (10) 


Nl — C3 


1.344 (9) 


CI — H1A 


0.9300 


Nl — CI 


1.378 (9) 


C2 — H2A 


0.9300 


N2— C3 


1.350 (8) 


C3— C4 


1.429 (9) 


N2— C2 


1.373 (9) 


C5— C6 


1.373 (10) 


N2— H2 


0.8600 


C5— H5 


0.9300 


N3— C4 


1.343 (8) 


C6— H6 


0.9300 


N3— C6 


1.347 (8) 


C7— C8 


1.343 (11) 


N4— C4 


1.337 (8) 


C7— H7 


0.9300 


N4— C5 


1.363 (9) 


C8— H8A 


0.9300 


N4— H4 


0.8600 


C9— C10 


1.446 (9) 


N5— C9 


1.327 (8) 


Cll— C12 


1.365 (9) 


N5— C7 


1.376 (8) 


Cll— Hll 


0.9300 


N6— C9 


1.311 (8) 


C12— H12 


0.9300 


N6— C8 


1.370 (9) 


C13— C14 


1.347 (10) 


N6— H6A 


0.8600 


C13— H13 


0.9300 


N7— C10 


1.323 (8) 


C14— H14 


0.9300 


N7— C12 


1.372 (8) 


C15— C16 


1.426 (11) 


N8— C10 


1.358 (8) 


C17— C18 


1.361 (11) 


N8— Cll 


1.377 (9) 


C17— H17 


0.9300 


N8— H8 


0.8600 


C18— H18 


0.9300 


Nl— Col— N7 


170.6 (2) 


C16— N12— H12A 


126.5 


Nl— Col— Nil 


94.9 (2) 


C17— N12— H12A 


126.5 


N7— Col— Nil 


92.7 (2) 


C2— CI— Nl 


109.8 (7) 


Nl— Col— N9 


89.3 (2) 


C2— CI— HI A 


125.1 


N7— Col— N9 


97.7 (2) 


Nl— CI— H1A 


125.1 


Nil— Col— N9 


79.4 (3) 


CI— C2— N2 


108.0 (7) 
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M"1 1 Ml 

JN 1 — Col — JN3 


*7n c~ /o\ 

/y.o (Zj 


P 1 PI TUT A 

CI — CZ — hlZA 


1 0£ A 

IZo.U 


"NT^ P„ 1 XTO 

JN / — Col — JN3 


m *7 /o\ 

93.7 (2) 


mo p "> i n a 
JNZ — CZ — hlZA 


1 0£ A 

IZo.U 


\T1 1 P„ 1 \T1 

JN 11 — Col — JN3 


no n /o\ 

yo.u (Z) 


M 1 PI MO 

JN 1 — C3 — JNZ 


1 1 A C ( C\ 

11U.O ifi) 


JNy — Col — JN3 


100.4 (Z J 


Ml PI P/1 

JN 1 — C3 — C4 


1 1 O A (&\ 

1 lo.U \b) 


Ml P^ 1 MC 

JN 1 — Col — JN J 


n/i a /o\ 
y4.U (Z) 


MO PI P/1 

JNZ — C3 — C4 


111 1 /"7\ 

131.3 (/) 


M*7 P.-.1 \T( 

JN / — Col — JN J 


*7fl C /0\ 

79.5 (2) 


M/l P/1 Ml 

JN4 — C4 — JN3 


1 in £ //CA 

llU.o (0) 


Mil P^ 1 \tc 

JN 1 1 — COl — JN j 


lo / .I (2) 


M/1 P/1 pi 

JN4 — C4 — C3 


131.Z {0) 


Mfl P^ 1 \T( 

JNy — coi — jn j 


91.4 (2) 


Ml P/1 PI 

JN 3 — C4 — C3 


1100 
llo.Z (0) 


Ml P^ 1 \Tf 

JN3 — Col — JN J 


92.5 (2) 


M/l PC P£ 

JN4 — Cj — Co 


1 A/i A f£\ 
IUO.4 (O) 


c\i T>1 r\A 
<J3 — r 1 — <J4 


11/1 £ ^/i \ 
114.0 (4J 


M/1 / " C IIC 

JN4 — Cj — rlj 


1 O/i O 

IZ0.0 


U3 — r 1 — OZ 


1U9.2 (i) 


( ' f PC TJC 

Co — Cj — hlJ 


1 O/i 0 

IZ0.0 


<J4 — r 1 — <JZ 


111 A 

111.0 (i) 


Ml p /; pc 

JN3 — Co — Cj 


1 A A 1 //:\ 

iuy.3 (0) 


p.1 r> i ^ \ i 
<J3 — r 1 — <J1 


1 AC 1 

105.1 (3) 


Ml P/i II /: 

JN3 — Co — rlo 


1 OC /I 

IZj.4 


p /i r> i p, 1 
U'H r 1 — <J1 


1 An a /i \ 
109.0 (i) 


PC P/i I 1/ 

Cj — Co — hlo 


1 OC /I 

IZj.4 


p.o r> i p 1 
<JZ — r 1 — <J1 


i at /; /i\ 
10 1.0 (i) 


PO P*7 MC 

Co — C / — JN J 


1 1 A A fH\ 
11U.U ( /) 


r 1 — <J1 — HI 


1 AA C 
109. J 


po n XT'? 
Co — C / — rl / 


1 OC A 

IZj.U 


pi MI P1 

C3 — JN 1 — CI 


1 ac i { a\ 
105.3 (0) 


MC P*7 I I "7 

JN J — C/ — ii/ 


1 OC A 

IZj.U 


PI Ml P^ 1 

C3 — JN 1 — COl 


i m /c\ 
112. / (5) 


P-7 po m/; 
C / — Co — JN 0 


1 A/i 1 (H\ 
IUO.3 (/) 


pi Ml P,^ 1 

CI — JN 1 — COl 


142.0 (3 J 


p-7 po 1 T V A 

C / — Co — hlo A 


izo.y 


p"> MO pi 

C3 — JNZ — CZ 


i a/; /i //;\ 
100.4 (0) 


M^ PO UO A 

JNo — Co — hloA 


1 o/i n 

izo.y 


P"> \n TJO 

C3 — JNZ — HZ 


120.5 


M<C /^fl MC 

JNo — cy — JN J 


1 1Z. / (0) 


PO Ml U1 

CZ — JNZ — HZ 


1 t/; o 
120.5 


M/C pn p i a 
JN 0 — cy — C 1 U 


1 in a /'/:\ 
13U.U (0) 


pi A XTQ p/: 

C4 — JN 3 — Co 


i a/: i //:\ 
100.3 (0) 


MC PA p 1 A 

JN J — cy — C1U 


11 1 .5 (0) 


P/i mi P^ 1 

C4 — JN 3 — Co 1 


111 1 1 A \ 

111.1 (4) 


P 1 A M O 

JN / — C1U — JNo 


111 C /'/i\ 
111.3 (O) 


P/. Ml f^n\ 

Co — JN 3 — CO 1 


1/11 O /'C\ 

141 .9 (5 ) 


xn p 1 a p n 

jn / — ciu — cy 


1 1 n 0 /'/^\ 
1 ly.o (oj 


P/1 M/l / ' C 

C4 — JN4 — CD 


1 A"7 /I 1 £\ 

10 /.4 (0) 


mo pin pn 
JN O — C 1 u — CV 


1 OO *7 fl\ 

IZo. / (/) 


pi /) M/l 1 I 1 

C4 — JN4 — H4 


120.3 


P 1 O P 1 1 MO 

C1Z — CI 1 — JNo 


1 A/i A \ 

lUo.U (0) 


p C M/l 1 1 ,1 

Cj — JN4 — H4 


120.3 


P 1 O PI 1 II 1 1 

C1Z — CI 1 — rll 1 


1 0*7 A 

1Z / .u 


pn \Tf p-7 

cy — jn j — c / 


1 A/i a //;\ 
104.0 (0) 


MO P 1 1 Till 

JNo — CI 1 — rll 1 


1 0*7 A 


PA MC P^ 1 

Cy — JN J — CO 1 


112.0 (p) 


P 1 1 P 1 O M*7 

Cll — C1Z — JN / 


1 1 A O //i\ 

11U.Z (0) 


P*7 MC P^ 1 

C/ — JN J — Col 


1/1/1 1 

144.1 (5) 


P11 pio mo 
Cll — C1Z — HlZ 


1 O/l A 

iz4.y 


pa MiC p o 
Cy — JN o — Co 


1 A"7 A { £\ 
10 /.0 (0) 


\n p 1 o mo 
JN / — C1Z — HlZ 


1 O/l A 

iz4.y 


PA M£ i i/; a 

Cy — JN o — HoA 


1 1/; c 
120.5 


p 1 a p 1 1 Mn 
C14 — C13 — JNy 


1 A A 1 ZO\ 

iuy.3 (0) 


po m/; i i/c a 
Co — JN o — HoA 


120.5 


P1/I p 1 O II 1 O 

C 1 4 — C 1 3 — H 1 3 


1 OC A 

IZj.4 


Pi A "Vn pio 

C1U — JN / — C1Z 


1 AC C /C\ 

105.5 (5) 


Mn pn ii 1 -5 
JNy — C13 — 1113 


1 OC A 

IZj.4 


pin M*7 f^^l 

C1U — JN / — COl 


111 C ( A\ 

111.5 (4) 


p 1 1 P1/I M1A 

C13 — C14 — JN 1U 


1 AT O fQ\ 
IU/.O (Oj 


nn M*7 P^ 1 

C1Z — JN / — Col 


1/11 A /C\ 

143.0 (5) 


pn P1/I Tji a 

C13 — C14 — 1114 


1 O/C 1 

IZo.l 


p 1 A "N.TQ ( ' 1 1 

C1U — JNo — CI 1 


1 A£ c 
100.5 (0 ) 


\T1 A p 1 A TT1 A 

JN 1 U — C 1 4 — H 1 4 


1 1 

IZo.l 


pin MO I TO 

C 1 U — JN o — Ho 


120.0 


MT1 P 1 C M 1 A 

JNy — CI J — JN 1U 


111 0 /o\ 
111.5 (0) 


pi 1 MO IT O 

CI 1 — JNo — Ho 


120.0 


MA P 1 C P 1 C 

JNy — ci j — cio 


117.7 (7) 


pi f Mfl P 1 "1 

C 1 j — JN y — C 1 3 


1 AC "7 

105. / (0) 


M 1 A P1C ru 

JN 1 U — C 1 J — C 1 0 


1 in c /'*7\ 
13U.J (/) 


PI c MO P „ 1 

ci j — JNy — coi 


III. 2 (0) 


m 11 n ^ "\T1 0 
JN 1 1 — Clo — JN 1Z 


nil /o\ 
111.3 (0) 


P 1 1 MO P „ 1 

C 1 3 — JN y — Co 1 


1/11 /; //:\ 
141.0 (0) 


M 11 p 1 /C P1C 

JN 1 1 — Clo — CI J 


lini (H\ 

lly.3 {/) 


P 1 C M 1 A P 1 /I 

C15 — N 10 — C14 


105.5 (7) 


N 12 — Clo — C15 


1 on 1 /*7\ 

129.3 (7) 


C15— N10— H10 


127.3 


C18— C17— N12 


108.0 (9) 


C14— N10— H10 


127.3 


C18— C17— H17 


126.0 


C16— Nil— C18 


105.8 (7) 


N12— C17— H17 


126.0 


CI 6— Nil— Col 


111.2 (6) 


C17— C18— Nil 


107.9 (8) 


C18— Nil— Col 


142.7 (6) 


C17— C18— H18 


126.1 
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C16— N12— C17 


107.0 (7) 


Nil— C18— H18 




126.1 


Hydrogen-bond geometry (A, °) 










D—H-A 


D — H 


H-A 


D-A 


D — H 


N2— H2-04 


0.86 


1.82 


2.678 (7) 


172.1 


N4 — H4-02 


0.86 


1.87 


2.717 (7) 


168.3 


N6— mA-o? 


0.86 


1.96 


2.725 (8) 


148.3 


N8— H8-03' 


0.86 


1.89 


2.669 (8) 


149.3 


N10— H10-O2" 


0.86 


2.23 


2.887 (7) 


133.7 


N10— H10-O4"' 


0.86 


2.39 


3.034 (9) 


132.5 


N12— H12A-04"' 


0.86 


1.93 


2.685 (8) 


146.0 


Symmetry codes: (i) x+\,y, z; (ii) x+1/2, y-\ll, z; (iii) x+1/2, -y+l/2, z-1/2. 
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